G lobal soil carbon is a bit like the US federal deficit: the quantity of carbon is massive, its annual change is the difference between two large input and output terms (akin to revenues and expendi tures), and its changes add up over decades to have major consequences for society. Changes in the planet's soilcarbon stocks result mostly from a modest difference between the main input term -plant carbon derived from photosynthesis -and the main output term, which is respiratory losses of carbon dioxide from microbial decomposition of soil organic matter. Both photosynthesis and respiration will respond to climate change, but predict ing how these responses will affect the modest difference in photosynthetic input and respira tory output (and thus the effect on the storage of carbon in the soil) is challenging. Crowther et al. 1 have synthesized the results from 49 soilwarming experiments, and on page 104 they report that losses from carbonrich Arctic soils might tip the global balance of soilcarbon storage towards a net positive feedback to climate change.
Unfortunately, we have few direct observa tions of the effects of warming on stocks of soil carbon, and projections of Earthsystem models (ESMs) agree neither in the sign nor the magnitude of its change 2 . Most ESMs sim ulate the rate of soilcarbon decomposition using simple temperature functions (typically, either the Q 10 or Arrhenius functions), which are derived from shortterm (days to years) laboratory and field observations. However, the sizeable fraction of carbon that normally resides in the soil for decades is of greatest rele vance to climatic feedbacks, and the decompo sition of such carbon may respond differently to changing climate than does decomposition observed during shortterm studies 3 .
Crowther et al. analysed the results of 49 soilwarming experiments performed at sites across North America, Europe and Asia (Fig. 1) . A few of these studies reported results after less than a year of experimental warm ing, but most were multiyear, and several lasted ten years or more. To normalize results obtained using different methodologies, the authors divided reported warminginduced changes in soil carbon by the degreeyears product -a metric obtained by multiplying the experimental treatment intensity (degrees warmed) by the duration of the experiment (number of years).
The authors found that the ratio of carbon lost per degreeyear was largest when the study sites' soilcarbon stocks were large -some thing that occurs commonly at high latitudes. Warming can also increase photosynthesis and inputs of plant carbon to soil, but this appar ently does not keep up with carbon losses in highlatitude ecosystems. When soilcarbon stocks are lower, which is often the case at lower latitudes, the responses of plant inputs and microbial decay seem roughly to even out, resulting in smaller observed changes in soil carbon (modest gains and losses).
Crowther et al. explored the significance of their findings across the world by applying a spatially distributed climatechange scenario to a global soil database using a statistical model that calculates carbon loss per degreeyear as a function of the initial carbon stock. On average, soils in highlatitude regions have large carbon stocks and undergo the greatest warming, and so such regions emerge as an amplified source of CO 2 to the atmosphere (Fig. 1 ).
An additional complication for project ing carbon losses, however, is that microbial processes in the soil seem to adjust to changes of temperature. This can be due to changes in the microbial communities, alterations in the optimal temperature for their enzyme func tions, or exhaustion of readily decomposable organic carbon substrates 3 . Assuming that the thermal adjustment of soils to each increment of warming will happen within a year (which is the most conservative assumption with respect to carbon loss), the authors estimate a net loss of 55 petagrams of carbon (1 Pg is 10 15 g) between 2015 and 2050 for a scenario in which global warming averages 2 °C; that carbon loss is equivalent to about 5 years of current anthro pogenic emissions. They also show that losses could be much larger if thermal adjustments occur more slowly.
I believe that Crowther and colleagues' synthesis of results from soilwarming experi ments is important because it provides independent constraints for decadal soil carbon simulations based on experimental observations of degrees of warming, years of warming, initial carbon content and a suite of other factors that could affect the stability of carbon stored in the soil. Their new finding of a statistical dependence of decomposition on the initial carbon content of the soil may prove to be a useful benchmark for ESM simulations.
Soilwarming experiments do have limita tions, however, including potential artefacts and costs that restrict their size, duration and
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Projections of the soil-carbon deficit
Changes in the amount of carbon stored in soil might be a crucial feedback to climate change. Experimental field studies show that warming-induced soil carbon losses are greatest where carbon stocks are largest. See Letter p.104 Crowther et al. 1 have analysed the results from 49 field studies in which soil was warmed at different sites around the world (sites are indicated with dots; some dots indicate general locations of more than one study) to assess how warming changes the density of soil carbon. They then extrapolated their findings using a statistical model to reveal the probable upper limit of changes in soil carbon by 2050 (shown in kilograms of carbon per square metre for the top 15 centimetres of soil), assuming a spatially distributed climatechange scenario in which average global temperature increases by 1 °C, and making certain assumptions about how long it takes for soil microbial processes to adapt to the increase. This analysis demonstrates that soils from highlatitude regions are especially vulnerable to net losses of carbon, which would act as a positive feedback to climate change. The extrapolations for tropical and desert regions are poorly constrained owing to lack of data from these regions. (Adapted from ref. 1.) frequency. The studies analysed by Crowther et al. are still few and poorly distributed -for example, none has been performed in the South ern Hemisphere. Nevertheless, the new findings are highly informative because they consider experiments performed at different latitudes, and support longheld suspicions that the large soilcarbon stocks of the Arctic are vulnerable to decomposition in a warmer world 4, 5 . This analysis does not explain why sites that have large carbon stocks tend to undergo the biggest losses. One explanation arises from the Arrhenius function, which predicts that 1 °C of warming should have a larger propor tional effect on enzymatic activity at the low temperatures typical of high latitudes than it would at warmer, low latitudes. Kinetic theory also indicates that the activation energies of enzymatic decomposition reactions (the minimum energy needed for such reactions to occur), and hence the temperature sensi tivity of the reactions, should be high for the complex substrates that are common in humus rich, wetland soils at high latitudes 3 . But I suspect that an equally large or even larger factor is the exposure of increasing amounts of soil carbon to microbial decay when permafrost thaws and when flooded soils dry out. Models are only just begin ning to include the effects of climate change on the exposure of soil carbon to microbial decomposition 6 S upermassive black holes are millions to billions of times more massive than the Sun and reside at the centres of almost all large galaxies such as the Milky Way 1 . Some of these black holes are actively growing by accretion, a process in which material close to the black hole cannot escape the strong gravi tational field and is ultimately pulled into the black hole. These growing black holes, or active galactic nuclei (AGNs), release large amounts of energy from the accretion process, making them visible across the Universe. Writing in Astronomy & Astrophysics, McElroy et al. 2 and Husemann et al. 3 report that the emis sion spectrum of a nearby AGN has changed dramatically in the past five years, providing valuable insight into the physical processes involved in blackhole accretion.
Clues to the growth of black holes are imprinted in the optical spectra of AGNs. Just as a prism splits white light into its component colours, these spectra reveal the composition of matter, because atoms, ions and molecules emit light at specific wavelengths dictated by quantum physics. In the case of AGNs, light emitted by the accreting material energizes the surrounding gas, which produces prominent emission lines in the gas's optical spectrum.
These emission lines also tell us about the motion of gas in the AGN. Because gas close to a black hole orbits at high velocities (up to thousands of kilometres per second), the emission lines from these regions are broad ened as a result of the Doppler effect: light emitted from gas moving away from Earth is shifted to longer wavelengths, whereas gas moving towards us emits light that is shifted to shorter wavelengths. Conversely, gas farther away from the black hole travels more slowly (hundreds of kilometres per second) and produces narrow emission lines. For some AGNs, we observe both broad and narrow lines, whereas in others we see narrow lines only.
The theory of AGN unification 4, 5 posits that all AGNs are inherently the same -namely, these phenomena are accreting supermassive black holes that are surrounded by gas and dust in the shape of a torus. Therefore, if we are looking through this enshrouding material, the gas near the black hole will be blocked from our view and we will see narrow emission lines only. However, if we are looking through the opening of the torus, we will observe both the broad and the narrow lines.
Although this theory explains why the optical spectra of many AGNs do not show broad emission lines, 'changinglook' AGNs have been discovered in which the broad lines have either disappeared or appeared over time. Some of these phenomena can be explained through the lens of AGN unification -if
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A black hole changes its feeding habits
In the 1980s, the gas surrounding a black hole in a nearby galaxy began to emit much more radiation than before. This change has unexpectedly reversed in the past five years, questioning our understanding of these extreme phenomena. This accretion process energizes the gas that surrounds the black hole, producing prominent lines in the gas's emission spectrum. Because gas close to the black hole is extremely energetic, the emission lines from this region are broadened as a result of the Doppler effect. In the 1980s, prominent broad lines appeared 9 in the optical spectrum of a blackhole system called Mrk 1018. The leading explanation for this change (indicated by the blue arrow) is that the accretion rate onto the black hole increased, energizing more of the gas and expanding the size of the broadline region. McElroy et al. 2 and Husemann et al. 3 have combined optical and Xray observations to show that, in the past five years, Mrk 1018 has returned to its original state (indicated by the white arrow). The authors suggest that this transition is due to a decrease in the blackhole accretion rate.
